The C-7 position of jasmonate is practical for synthesis of a probe to use for chemical biological studies. To confirm the utility, we synthesized fluorescentlabeled methyl jasmonate. The synthesized compound exhibited Arabidopsis thaliana root growth inhibitory and meandering activity, and potent fluorescence was observed inside the root and root hairs.
Throughout their lives, plants use a variety of hormonal signals to adjust growth in response to developmental and external cues. Jasmonic acid (JA) and its derivatives have important roles for the development and stress responses in plants, such as senescence [1] , wound response [2] , and reproductive development [3] [4] [5] [6] [7] [8] .
Stereochemically restricted JA analogs carrying additional substitutions at C-7 are effective tools used to clarify the importance of the configurations of the JA analogs. After stereochemical evaluation of the biological ability of the C-7 substituted JA analogues, Taapken et al. reported that methyl 7-methyl-and methyl 7-fluoro-7-epi-jasmonates exhibited poor activity for eliciting phytoalexin production in cell suspension cultures of Eschscholtzia californica [9] . Koda et al. reported that methyl 7-methyl-7-epi-jasmonate had similar senescence-inducing activity in oat (Avenasativa) leaves and growth-inhibitory effects on soybean (Glycine max) callus [10] . In this report, potato (Solanum tuberosum L.) tuber-inducing activity was also evaluated, showing that methyl 7-methyl-7-epi-jasmonate exhibited weaker activity than methyl jasmonate. An additional report claimed that methyl 7-methyl-7-epi-jasmonate had an antagonistic effect against JA [11] .
Similarly, methyl 7-hydroxymethyl-7-epi-jasmonate (1) exhibited weaker activity than JA and showed an antagonistic effect against JA [12] . To clarify the mechanism of jasmonate signaling, the hydroxymethyl moiety of the compound can be used as scaffolding for further modifications, with a goal of preparing a chemical probe such as a photoaffinity probe, affinity column, and fluorescencelabeled probe, and these probes can be used to identify either its binding to protein or localization.
A plant hormonal signal is needed to be transported from one organ to another. Measurement of its concentration is one of the tools used to elucidate its localization and transportation. However, there are limitations to clarify the detailed accumulation site and temporal change using that method. Some of these problems are solved by using a fluorescent probe. While many studies use fluorescently Scheme: Synthesis of fluorescently labeled compound 6. a) TsCl, Pyridine/CH 2 Cl 2 , 4°C to rt, overnight, 42%; b) NaN 3 , DMF, 65°C, overnight, 34%; c) H 2 , Lindlar's catalyst, MeOH, rt, 3 h, 61%; d) Boc-(Gly) 3 , 1-hydroxybenzotriazole, DCC, DMF, 4°C to rt, overnight, 48%; e) TFA, rt, 3 min; f) FITC, MeOH, 4°C to rt, overnight, 90% (two steps).
labeled proteins, such as GFP, few studies described the fluorescently labeled small molecular compounds [13] .To confirm that jasmonate derivatives containing a substituent group at C-7 can be used as chemical probes, we synthesized fluorescently labeled methyl jasmonate (6, Scheme). The fluorescent group, FITC was introduced to the C-7-position of methyl jasmoante (MeJA) through a glycylglycylglycyl linker as reported by Nakamura et al. [13] .
Methyl 7-hydroxymethyl-7-epi-jasmonate (1) was synthesized according to the reported method of Kitaoka et al. [12] , and the hydroxy group of 1 was converted to an amino group through p-toluenesulfonyl and azide groups. The resulting amino compound 4 was coupled with Boc-glycylglycylglycine in the presence of DCC and 1-hydroxybenzotriazole. Finally, the resulting 5 was deprotected by TFA, and coupled with fluorescein isothiocyanate (FITC) to give the fluorescently labeled probe 6. Because (±)-MeJA was used as the starting material, probe 6 was a mixture of diastereoisomers whose configurations were (3R,7R) and (3S,7S).
The biological activity of synthesized probe 6 was evaluated by the root-growth inhibition activity of Arabidopsis thaliana (Figure 1 ). The photographs are shown as Figures 1A, B , and C. Plants grown in medium containing probe 6 had shorter roots ( Figure 1B ) than the control ( Figure 1A) , and their roots meandered ( Figure 1B ). These phenomena were also observed when plants were grown in medium containing JA-Ile ( Figure 1C ), but JA-Ile had a stronger inhibitory effect than compound 6. In order to conduct a significance test, the root length was measured according to the illustration shown in Figure 1D . It was found that the fluorescently labeled probe 6 possessed a root growth inhibitory activity that was significant (p = 3.6 x 10 -9 ), although the values given in Figure 1E did represent real root length due to root meandering. It has been reported earlier that MeJA possessed root growth inhibitory activity [14] .
Finally, we conducted fluorescent studies with Arabidopsis roots that were grown on MS medium including 150 µM of compound 6 using confocal scanning laser microscopy ( Figure 2 ). Potent fluorescence was observed in the root hair and the tissue inside the root when grown on the medium containing compound 6 ( Figure  2C ). In order to confirm the effect of compound 6 and FITC, we made a further observation to obtain a 3D image, which was afforded by superimposing the image of the root. The fluorescence was only observed on the surface of the root when grown on the medium containing FITC ( Figure 2D ). On the other hand, the fluorescence was also observed on the root hair and the vascular bundle when grown on the medium containing compound 6 ( Figure  2E ). These results suggest that fluorescent probe 6 is absorbed into the plant roots, and our study is the first one using fluorescencelabeled MeJA possessing biological activity to observe the accumulation of the fluorescence-labeled compound in intact tissue of a living plant, although our result did not afford the information as to whether the compound binds to the target, such as binding to protein(s), or not. Nakamura isoleucine (JA-Ile) derivative having a biotin tag and a diazyline moiety, which were named by them as JA photoaffinity probe (PAJA) and JA-Ile photoaffinity probe(PAJAIle), respectively. PAJA did not show either biological or binding activity with the F-box protein coronatine insensitive1 (COI1), although PAJAIle showed such activities [14] .
In potato, jasmonates that were biosynthesized in the leaf were thought to be transferred to the underground part of the plant and exhibited tuber-inducing activity under short day conditions [15] . A fluorescent probe, such as compound 6, could become an effective tool for elucidating the target organ of the developing tuber, such as microtubes and the cell wall. In addition to potato tuber formation, jasmonate plays a central role in regulating plant growth and reproduction, specifically tendril coiling [5] ,flower development [7] , and cambium formation [8] . We anticipate that the C-7 substituted jasmonate derivatives can help to give more detailed information about the biological role of jasmonate in the plant kingdom. Important biological roles of JA-Ile were reported and a fluorescently labeled probe of JA-Ile possessing biological activity, such as PAJAIle, has been developed. However, there are other biological phenomena that were mediated by other jasmonates. For example, airborne MeJA put the plant defense response in motion [16] , and jasmonic acid carboxy methyltransferase over expressed A. thaliana showed enhanced level of resistance against Botrytis cinerea [17] . Our developed fluorescently labeled probe 6 might be useful to investigate these biological phenomena.
Experimental
General: FD-, EI-, FDHR-and EIHR-MS data were obtained using Jeol JMS-SX102a and Jeol JMS-T100GCV mass spectrometers. 1 
Root length assay:
Arabidopsis seeds (Col-0) were plated on either MS medium or MS containing 50 µM JA-Ile or 150 µM compound 6. They were incubated for 3 d at 4°C in the dark and grown for 9 d at 25°C in which the length-of-day conditions for dark/light were 14 h/10 h.
Fluorescence study using a fluorescence microscope: Arabisopsis seedlings (Col-0) were grown on MS medium containing 150 µM of either compound 6 or FITC. The seedlings were incubated for 3 d at 4°C and grown for 9 d at 25°C. The roots of the seedlings were washed with distilled water. This section was placed on a concave glass microscope slide and covered by a cover glass after adding a drop of glycerol. The observation of these sections was carried out using confocal scanning laser microscopy with either a ZEISS LSM-410 (Carl Zeiss; Figure 2A -C) or LEICA TCS SP5 (LEICA; excitation wavelength 450 to 490 nm, Figure 2D ,E).
